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ABSTRACT
Context. Electron impact excitation collision strengths are required for the analysis and interpretation of stellar observations.
Aims. This calculation aims to provide fine structure effective collision strengths for the Ni  ion using a method which includes
contributions from resonances.
Methods. A fully relativistic R-matrix calculation has been performed using the DARC code. In the structure part of our calculation
141 fine-structure levels are employed and 37 of these are used in the scattering calculation.
Results. Collision strengths have been determined for 666 fine-structure transitions arising from the 37 lowest j-levels involving
configurations 3s2, 3p2, 3d2, 3s3p, 3s3d, 3p3d and 3s4s. The effective collision strengths for these transitions have been calculated for
electron temperatures (Te) in the range log10 Te(K) = 4.5 − 8.0. Effective collision strengths are tabulated for transitions between the
first ten fine structure levels, arising from the 3s2, 3s3p and 3p2 configurations. The remaining transitions are available at the CDS as
well as via the author’s website.
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1. Introduction
Ni  has been recently detected by the EUV imaging spec-
trometer (EIS) onboard Hinode by Young et al. (2007). The
249.18 Å line corresponding to the 3s2 1S0 - 3s3p 1Po1 transition
is analogous to the 284.16 Å line of the iso-electronic Fe  ion.
Since this line is unblended, Young et al. (2007) indicate that it
will be a useful probe of the hot cores of active solar regions.
In analysing such observations, collision strength data are re-
quired and for this ion data is sparse. Christensen et al. (1986)
carried out a calculation using the distorted wave approxima-
tion involving 16 fine-structure states. Their collision strengths
were determined at 7 energies, though values are only given
at 3 energies in their paper. The results were determined in
LS -coupling and transformed to intermediate-coupling using
the JAJOM program of Saraph (1978, 1972). These collision
strengths were then used to produce Maxwellian-averaged ef-
fective collision strengths by Pradhan (1988) for electron tem-
peratures log10 Te(K) = 5.0 − 7.8.
This method however, does not include contributions from
resonances, which can significantly affect the effective collision
strengths. Thus in order to provide data where the effects of res-
onances are considered, we have carried out a fully relativistic
calculation using the Dirac Atomic R-matrix Code (DARC). The
collision strengths are determined at almost 70 000 energy points
per transition, which allows the structure to be properly delin-
eated.
Aggarwal et al (2007) have determined energy levels, os-
cillator strengths, radiative probabilities and line strengths for
Send offprint requests to: C. Hudson, e-mail: c.hudson@qub.ac.uk
! Table 5 is available in electronic form at the Centre de
Donne´es astronomiques de Strasbourg (CDS) via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-
bin/qcat?J/A+A/
many levels in Ni , using the GRASP code. This code is also
used to generate input for the DARC code used in the current
work. Thus to provide a comparison with the work of Aggarwal
et al (2007) we have also used GRASP here to determine the
atomic data needed for our scattering calculation.
The collision strengths and the maxwellian averaged effec-
tive collision strengths produced are compared with the previous
works of Christensen et al. (1986) and Pradhan (1988).
2. Target Description
To generate collision strengths via the DARC code (Norrington
& Grant, private communication), we first need to perform an
atomic structure calculation to obtain wavefunctions to describe
the Ni  target ion. The wavefunctions have been calculated
here using the fully relativistic General-purpose Relativistic
Atomic Structure Package (GRASP) (Grant 1980; Dyall 1989).
In our GRASP calculations, we have used the extended average
level (EAL) model, where in the Hamiltonian matrix, we min-
imize a weighted trace (proportional to 2J+1). This produces a
compromise set of orbitals describing closely lying states with
moderate accuracy. The code is fully relativistic and is based on
the jj coupling scheme. Additional relativistic corrections arising
from the Breit interaction and QED effects are also included.
In the DARC code used for the calculation of collision
strengths, the relativistic effects are included in a systematic
way, in both the target description and the scattering model. It
is based on the jj coupling scheme, and uses the Dirac-Coulomb
Hamiltonian in the R-matrix approach. However, because of the
inclusion of fine-structure in the definition of channel coupling,
the matrix size of the Hamiltonian increases substantially. Thus
it is usual practice to perform a larger calculation in the atomic
structure portion of the calculation and reduce the size for the
scattering part of the calculation.
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Table 1. Configurations used in the atomic structure calculation.
Configurations
3s2, 3s3p, 3s3d, 3p2, 3p3d, 3d2,
3s4s, 3s4p, 3s4d, 3s4f,
3p4s, 3p4p, 3p4d, 3p4f,
3d4s, 3d4p, 3d4d, 3d4f
Therefore, for the structure part of the calculation in the cur-
rent work we have adopted the same size of model as Aggarwal
et al (2007) - 141 Jpi levels arising from the 18 configurations
generated as 1s22s22p63l3l′ and 1s22s22p63l4l′ - see Table 1.
From this set of 141 levels, we determine collisional data for
transitions among the first 37 levels (involving configurations
3s2, 3p2, 3d2, 3s3p, 3s3d, 3p3d and 3s4s).
We find that the energy levels produced in our GRASP cal-
culation agree with the values of Aggarwal et a (2007) to within
0.2%. Similar agreement is observed in the oscillator strengths,
radiative transition probabilities and the line strengths. This is
to be expected since the current work uses the same size model
as that of Aggarwal et al, with the same codes. Thus we do not
present values here for all 141 levels, since these are equivalent
to those already given in Aggarwal et al (2007). Instead we give
values for the 37 levels retained for the scattering calculation.
These are shown in Table 2 and are compared to the observed
values given by NIST. As an illustration of the agreement with
Aggarwal et al, we also include the values from that work.
The 16 levels included in the work of Christensen et al.
(1986) relate to levels 1-14, 36 & 37 of the current calculation,
and the corresponding energies are also displayed in Table 2.
It should be noted that the level indexing of Christensen et al.
(1986) is slightly different that the indexing used here (see foot-
note on Table 2). We find that the current calculation agrees to
within 1% of the values of NIST, and that we differ by at most
2% from the values of Christensen et al. (1986).
From the GRASP code, we also obtain emission transition
probabilities (Aji), absorption oscillator strengths ( fi j) and line
strengths (S ) for E1 and M1 transitions. We include a sample
of E1 transitions in Table 3, listing those from the 3s2 and 3p3p
levels, and have added those of Christensen et al, (1986) for com-
parison. We do not list the corresponding values from Aggarwal
et al (2007) since these are essentially identical, with only the oc-
casional value differing by one unit in the fourth decimal place.
It should be noted that the labelling matches that of the current
work (see Table 2) so that the numerical values can be compared.
For the values in Table 3, the agreement with Christensen et al.
(1986) is generally very good, although there are a few excep-
tions, for example transition 3–14 (3s3p 3Po1 – 3s3d 1D2) the cur-rent work is an order of magnitude larger than that of Christensen
et al. (1986). For transition 5–12 (3s3p 1Po1 – 3s3d 3D2), the dif-ference is two orders of magnitude.
3. Scattering Calculation
From the 141 fine structure levels considered in the atomic
structure calculation, 37 are retained in the scattering cal-
culation. These arise from the 3s2, 3p2, 3d2, 3s3p, 3s3d,
3p3d and 3s4s configurations (noted by Table 2). Collision
strengths are generated using DARC (Dirac Atomic R-
matrix Code) (Ait-Tahar et al. 1997), interfaced with
the UK APAP asymptotic and utility codes available at
http://amdpp.phys.strath.ac.uk/UK RmaX/. Twenty
Table 2. Energy levels in Ry relative to the Ni  ground state.
Level Observeda Current Aggarwalb Christensenc
1 3s2 1S0 0.0000 0.0000 0.0000 0.0000
2 3s3p 3Po0 2.4097 2.3998 2.4017 2.45693 3s3p 3Po1 2.4844 2.4771 2.4769 2.52554 3s3p 3Po2 2.6763 2.6724 2.6672 2.65595 3s3p 1Po1 3.6569 3.7072 3.7032 3.68006 3p2 3P0 5.7220 5.7480 5.7489 5.8183
7 3p2 1D2 5.8214 5.8372 5.8313 5.8236
8 3p2 3P1 5.8668 5.8941 5.8907 5.8685
9 3p2 3P2 6.1013 6.1302 6.1198 6.0995
10 3p2 1S0 6.8756 6.9496 6.9419 6.8924
11 3s3d 3D1 7.0283 7.0661 7.0553 7.0754
12 3s3d 3D2 7.0437 7.0830 7.0700 7.0792
13 3s3d 3D3 7.0675 7.1089 7.0932 7.1067
14 3s3d 1D2 7.8776 7.9830 7.9704 7.9500
15 3p3d 3Fo2 9.6042 9.6348 9.6246 —16 3p3d 3Fo3 9.7381 9.7730 9.7575 —17 3p3d 1Do2 9.8519 9.8932 9.8768 —18 3p3d 3Fo4 9.8973 9.9360 9.9148 —19 3p3d 3Do1 10.1654 10.2255 10.2140 —20 3p3d 3Do2 10.1915 10.2508 10.2357 —21 3p3d 3Do3 10.3317 10.3973 10.3779 —22 3p3d 3Po0 10.3496 10.4094 10.3945 —23 3p3d 3Po1 10.3531 10.4143 10.3979 —24 3p3d 3Po2 10.3579 10.4212 10.4030 —25 3p3d 1Fo3 11.0174 11.1418 11.1238 —26 3p3d 1Po1 11.1423 11.2718 11.2552 —27 3d2 3F2 14.1966 14.2648 14.2415 —
28 3d2 3F3 14.2202 14.2922 14.2658 —
29 3d2 3F4 14.2506 14.3254 14.2949 —
30 3d2 1D2 14.5331 14.6320 14.6069 —
31 3d2 3P0 14.5566 14.6467 14.6232 —
32 3d2 3P1 14.5702 14.6570 14.6327 —
33 3d2 3P2 14.5960 14.6884 14.6593 —
34 3d2 1G4 14.5931 14.7035 14.6749 —
35 3d2 1S0 — 15.5667 15.5431 —
36 3s4s 3S1 19.9349 19.9218 19.9082 19.9655
37 3s4s 1S1 — 20.1689 20.1558 20.2367
a NIST Atomic Spectra Database: http://physics.nist.gov/asd3
b Aggarwal et al. (2007).
c Christensen et al. (1986).
NB - Levels 6, 7, 10, 11, 12, 13, 36 & 37 in the Current work equate
to levels 7, 6, 13, 10, 11, 12, 15 & 16 in the work of Christensen et al.
continuum orbitals per angular momentum are used, with the
R-matrix boundary radius being 4.0 atomic units. Collision
strengths have been generated over several energy ranges to
investigate the sensitivity of the resulting high temperature
effective collision strengths to the high energy region of the
collision strength data. Determinations were made up to 60,
126, 200, 500 and also 2000 Ryd. The high energy limit is also
included in all evaluations which allows for extrapolation of
the results, permitting the high temperature effective collision
strengths to be calculated in all cases.
Approximately 70,000 points are used to properly de-
lineate the resonance structure with an energy mesh of
∼2.5×10−4 Rydberg in the resonance region. All partial waves
up to 2J = 45 are included. Due to the long range nature of the
Coulomb potential, a further contribution to the dipole allowed
transitions come from even higher partial waves. We incorpo-
rate this “top-up” contribution using the Burgess sum rule for
the dipole transitions and a geometric series for the non-dipole
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Table 3. Transitions energies/wavelengths (λ in Å), radiative transition rates (A in s−1), absorption oscillator strengths ( f , dimensionless) and line
strengths (S in a.u.) for E1 transitions from the 3s2 and 3s3p levels, from the current work along with values from Christensen. See Table 2 for
index of levels.
Transition Current Christensen
i − j λi j A ji fi j S A ji
1-3 3.679E+02 7.823E+07 4.762E-03 5.768E-03 2.17E+07
1-5 2.461E+02 2.774E+10 7.554E-01 6.120E-01 2.75E+10
1-19 8.922E+01 5.251E+05 1.880E-06 5.521E-07 —
1-23 8.764E+01 4.017E+04 1.388E-07 4.003E-08 —
1-26 8.097E+01 4.607E+08 1.358E-03 3.620E-04 —
2-8 2.612E+02 8.763E+09 2.689E-01 2.312E-01 8.18E+09
2-11 1.958E+02 1.650E+10 2.846E-01 1.834E-01 1.62E+10
2-32 7.451E+01 5.246E+07 1.310E-04 3.213E-05 —
2-36 5.205E+01 5.545E+10 6.757E-02 1.158E-02 5.44E+10
3-6 2.785E+02 2.141E+10 8.297E-02 2.282E-01 2.19E+10
3-7 2.717E+02 1.684E+09 3.105E-02 8.332E-02 1.85E+09
3-8 2.669E+02 6.106E+09 6.522E-02 1.719E-01 5.74E+09
3-9 2.502E+02 5.461E+09 8.538E-02 2.109E-01 5.35E+09
3-10 2.041E+02 5.481E+08 1.141E-03 2.300E-03 4.63E+08
3-11 1.990E+02 1.161E+10 6.894E-02 1.355E-01 1.16E+10
3-12 1.984E+02 2.128E+10 2.093E-01 4.101E-01 2.09E+10
3-14 1.659E+02 6.710E+08 4.614E-03 7.558E-03 6.38E+07
3-27 7.746E+01 4.253E+04 6.376E-08 4.877E-08 —
3-30 7.513E+01 4.232E+07 5.968E-05 4.428E-05 —
3-31 7.502E+01 1.137E+08 3.197E-05 2.369E-05 —
3-32 7.497E+01 3.579E+07 3.015E-05 2.233E-05 —
3-33 7.480E+01 1.211E+07 1.693E-05 1.251E-05 —
3-35 6.974E+01 1.227E+07 2.983E-06 2.055E-06 —
3-36 5.228E+01 1.665E+11 6.820E-02 3.521E-02 1.64E+11
3-37 5.155E+01 2.568E+09 3.409E-04 1.736E-04 8.28E+09
4-7 2.880E+02 2.729E+09 3.394E-02 1.609E-01 3.03E+09
4-8 2.827E+02 8.535E+09 6.135E-02 2.855E-01 8.52E+09
4-9 2.639E+02 1.548E+10 1.617E-01 7.024E-01 1.51E+10
4-11 2.077E+02 6.818E+08 2.645E-03 9.041E-03 7.08E+08
4-12 2.070E+02 6.289E+09 4.039E-02 1.376E-01 6.46E+09
4-13 2.059E+02 2.550E+10 2.268E-01 7.688E-01 2.61E+10
4-14 1.718E+02 3.522E+07 1.559E-04 4.409E-04 2.73E+07
4-27 7.873E+01 2.434E+04 2.262E-08 2.931E-08 —
4-28 7.857E+01 2.117E+05 2.742E-07 3.547E-07 —
4-30 7.632E+01 1.326E+07 1.158E-05 1.455E-05 —
4-32 7.616E+01 3.571E+07 1.863E-05 2.335E-05 —
4-33 7.599E+01 7.908E+07 6.845E-05 8.562E-05 —
4-36 5.286E+01 2.871E+11 7.214E-02 6.276E-02 2.73E+11
5-6 4.455E+02 9.704E+07 9.622E-04 4.233E-03 8.84E+07
5-7 4.282E+02 1.710E+09 7.836E-02 3.314E-01 1.85E+09
5-8 4.166E+02 1.559E+07 4.055E-04 1.668E-03 4.50E+06
5-9 3.771E+02 6.870E+08 2.441E-02 9.091E-02 6.73E+08
5-10 2.814E+02 2.490E+10 9.850E-02 2.737E-01 2.46E+10
5-11 2.719E+02 4.629E+07 5.129E-04 1.377E-03 1.38E+07
5-12 2.707E+02 3.627E+07 6.639E-04 1.775E-03 3.45E+05
5-14 2.136E+02 5.036E+10 5.739E-01 1.210E+00 5.06E+10
5-27 8.647E+01 7.395E+04 1.382E-07 1.180E-07 —
5-30 8.358E+01 5.248E+08 9.160E-04 7.560E-04 —
5-31 8.345E+01 4.461E+06 1.552E-06 1.279E-06 —
5-32 8.338E+01 4.120E+04 4.294E-08 3.536E-08 —
5-33 8.318E+01 2.195E+08 3.795E-04 3.117E-04 —
5-35 7.697E+01 2.227E+09 6.591E-04 5.010E-04 —
5-36 5.623E+01 1.915E+09 9.080E-04 5.043E-04 4.95E+08
5-37 5.539E+01 3.403E+11 5.217E-02 2.854E-02 3.40E+11
transitions, with care being taken to ensure smooth convergence
towards the high energy limit.
Collision strengths (Ω) between an initial state ‘i’ and a final
state ‘j’ are defined in terms of the collision cross section (σ)
Ωi j =
(2Ji + 1)k2i
pi
σ( j→ i) (1)
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The resulting collision strengths (Ω) between initial state ‘i’ and
final state ‘j’ are then averaged over a Maxwellian distribution
of electron velocities to give the effective collision strengths (Υ)
Υi j(Te) =
∫
0
Ωi j(E f ) exp(−E f /kTe)d(E f /kTe). (2)
4. Results and Discussion
In this section, in Figures 1-3, we show a selection of collision
strengths and their corresponding effective collision strengths.
The transitions shown are typical of the kind of agreement and
the types of differences we see between a distorted wave calcu-
lation and an R-matrix calculation. We also give a table which
compares the effective collision strengths from the current cal-
culation with those from Pradhan (1988) at three different tem-
peratures (log10Te =5.0, 6.0, 7.0) for the transitions within the
first ten fine structure levels - see Table 4.
The effective collision strengths presented are based on the
collision strength data computed up to 2000 Ryd, since this is
our most complete set. We find that for some transitions, the
effective collision strengths are somewhat sensitive to the ex-
tending/truncating of the higher energy values of the collision
strengths, particularly those where the high energy values dom-
inate the collision strength. However, the differing energy de-
terminations yield almost identical effective collision strength
data up to the temperature log10Te(K)= 7.0, and it is only abovethis temperature that differences are detected, if at all. All our
sets include high energy limits which for each transition remain
constant from run to run, however the ‘shape’ of the high en-
ergy tail may alter slightly when comparing an extrapolated col-
lision strength with one where high energy values are explic-
itly determined. Thus we are confident with our results up to
log10Te(K)= 7.0, but at higher temperatures we are less confi-dent as we see some values change when the energy range is
extended.
Table 5, available online at the Centre de
Donne´es astronomiques de Strasbourg (CDS) website
http://cdsweb.u-strasbg.fr/, gives our complete set
of effective collision strengths for all 666 transitions produced
in this work and contains the following information: Col.
1 lists the transition index noted as i – j (initial – final level)
where the levels are given in the accompanying table and
correspond to those in Table 2. The remaining columns list the
effective collision strengths for each transition at logarithmic
electron temperatures log10Te(K)= 4.5–8.0 in steps of 0.5dex. This data is also available electronically on the website
www.am.qub.ac.uk/apa/data, along with the collision
strength data.
Transition 1-2: 3s2 1S0 - 3s3p 3Po0
The data for transition 1-2 is shown in Figure 1. Here the col-
lision strength, for the current R-matrix calculation has an im-
mense amount of resonance structures from threshold up to
the energy of the highest target state included (3s4s 1S1 at
20.1689 Rydbergs). The inset on this graph shows how the res-
onances dominate the collision strength and that they are huge
in magnitude compared to the background level of the collision
strength in the high energy region. Comparing this high energy
background level between the two calculations at the energies of
19.96, 62.983 and 125.966 Rydbergs where the distorted wave
calculation provides evaluations, we see good agreement with
the current R-matrix results.
The impact of the resonance stuctures can be clearly seen in
the effective collision strength plot, where under the integration
noted by (2) the height of the low-lying resonances enhances
the effective collision strength at low temperatures. At high
temperature, the since the background level of the collision
strengths in the two calculations are in good agreement, we see
that the effective collision strength also exhibits good agreement.
Transition 1-3: 3s2 1S0 - 3s3p 3Po1
The data for this transition is shown in Figure 2. In the collision
strength plot, again we see that the resonances dominate in the
low energy region. For the background level, on comparison
with the values from the distorted wave calculation, we see that
the R-matrix results are a factor of 2-3 higher. This leads to the
effective collision strengths in the two calculations being quite
different in shape and magnitude. As in the previous transition,
the large resonance structures in the collision strength cause the
effective collision strengths of the R-matrix calculation to be
enhanced at low temperatures, and the absence of this detail in
the distorted wave calculation means that the effective collision
strength remains low in this region. At higher temperatures for
this transition the two calculations do not converge as seen in
the previous transition. This is due to the divergence of the
collision strengths, and a similar factor of 2-3 is observed as a
difference in the effective collision strengths. There is a slight
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Fig. 1. Transition 1-2: 3s2 1S0 - 3s3p 3Po0 Upper Graph Collisionstrengths: — Current R-matrix results, • Distorted Wave results of
Christensen et al. (1986). Lower Graph Effective collision strengths:
— Current R-matrix results, - - - Distorted Wave results of Pradhan
(1988).
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upturn in the effective collision strength at high temperatures
which occurs when we allow the collision strength whose tail
section steadily increases to continue to the energy of 2000 Ryd
before applying the extrapolation to the high energy limit.
Transition 1-5: 3s2 1S0 - 3s3p 1Po1
The data for this transition is given in Figure 3. The collision
strengths are in reasonable agreement, with the three distorted
wave values lying slightly above those of the R-matrix. It is noted
for this transition, on examining the main collision strength plot
and the inset, that the resonances do not dominate the collision
strength to the same extent as the two previous transitions; in fact
the high energy tail section attains a magnitude that is greater
than much of the resonant structure. This increasing tail leads to
an increase in the effective collision strength, which is observed
in both calculations. Once again the continuation of our colli-
sion strength to 2000 Ryd with the increasing tail section leads
to enhancement in the high temperature extremity of the effec-
tive collision strength.
The general trend from the plots displayed in Figures 1-3
and from the “Current/Pradhan” ratios displayed in Table 4 is
that the effective collision strengths from the R-matrix calcula-
tion we have performed are significantly enhanced by the res-
onances, particularly at lower temperatures, and are larger than
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Fig. 2. Transition 1-3: 3s2 1S0 - 3s3p 3Po1 Upper Graph Collisionstrengths: — Current R-matrix results, • Distorted Wave results of
Christensen et al. (1986). Lower Graph Effective collision strengths:
— Current R-matrix results, - - - Distorted Wave results of Pradhan
(1988).
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Fig. 3. Transition 1-5: 3s2 1S0 - 3s3p 1Po1 Upper Graph Collisionstrengths: — Current R-matrix results, • Distorted Wave results of
Christensen et al. (1986). Lower Graph Effective collision strengths:
— Current R-matrix results, - - - Distorted Wave results of Pradhan
(1988).
the Distorted Wave values by up to a factor of 37 as noted for the
3s3p3Po1-3s3p1Po1 transition.
5. Conclusions
Collision strengths and effective collision strengths for 666 tran-
sitions have been generated. A few selected transitions are dis-
cussed here. Differences exist between the current values and
those from distorted wave evaluations, in general we find res-
onance contributions in our collision strengths greatly enhance
the effective collision strengths.
As noted in the previous section, for some transitions, the
reliability of the high temperature results may be questionable
as there is some sensitivity to where the collision strength is
truncated and the extrapolation to the high-energy limit begins.
Certainly, the accuracy of the collision strengths would improve
by obtaining a better shape for the high energy tail by consid-
ering a larger calculation and including additional target levels.
The current data is consistent over all energy regions considered
up to log10Te(K)= 7.0.The effective collision strengths are available at the CDS
or alternatively the collision strength and effective collision
strength data are available by contacting the author or via the
website www.am.qub.ac.uk/apa.
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Table 4. Effective Collision Strengths for transitions between the 3s2, 3s3p and 3p2 fine structure levels at log10Te(K)= 5.0, 6.0 and 7.0 from the
calculation of Pradhan compared to those of the current work. The last three columns calculate the ratio of the Current/Pradhan values.
Pradhan Current Current/Pradhan
Transition 5.0 6.0 7.0 5.0 6.0 7.0 5.0 6.0 7.0
3s2 1S0 - 3s3p 3Po0 3.05E-03 2.74E-03 1.22E-03 4.45E-02 1.40E-02 2.64E-03 14.6 5.1 2.2- 3s3p 3Po1 1.64E-02 1.58E-02 1.34E-02 2.37E-01 8.61E-02 4.72E-02 14.5 5.4 3.5- 3s3p 3Po2 1.50E-02 1.35E-02 6.03E-03 2.48E-01 7.94E-02 1.43E-02 16.5 5.9 2.4- 3s3p 1Po1 2.48E+00 2.60E+00 3.42E+00 2.32E+00 2.44E+00 3.28E+00 0.9 0.9 1.0- 3p2 3P0 1.52E-04 1.29E-04 5.03E-05 3.75E-03 1.37E-03 2.49E-04 24.7 10.6 5.0
- 3p2 1D2 6.03E-02 6.02E-02 5.59E-02 1.13E-01 7.85E-02 7.44E-02 1.9 1.3 1.3
- 3p2 3P1 3.14E-04 2.55E-04 6.92E-05 8.01E-03 2.47E-03 3.08E-04 25.5 9.7 4.5
- 3p2 3P2 1.84E-02 1.83E-02 1.69E-02 4.03E-02 2.34E-02 2.10E-02 2.2 1.3 1.2
- 3p2 1S0 1.83E-03 1.70E-03 1.05E-03 1.37E-02 4.24E-03 1.64E-03 7.5 2.5 1.7
3s3p 3Po0 - 3s3p 3Po1 4.39E-02 3.73E-02 1.37E-02 5.39E-01 2.46E-01 3.89E-02 12.3 6.6 2.9- 3s3p 3Po2 8.99E-02 8.73E-02 7.23E-02 5.10E-01 2.26E-01 1.02E-01 5.7 2.6 1.4- 3s3p 1Po1 6.04E-03 5.15E-03 1.93E-03 1.18E-01 4.37E-02 6.53E-03 19.5 8.5 3.4- 3p2 3P0 5.52E-03 4.49E-03 1.41E-03 1.61E-02 6.17E-03 1.36E-03 2.9 1.4 1.0
- 3p2 1D2 2.06E-02 1.70E-02 5.77E-03 9.98E-02 3.42E-02 6.85E-03 4.8 2.0 1.2
- 3p2 3P1 9.56E-01 1.01E+00 1.32E+00 9.17E-01 9.48E-01 1.27E+00 1.0 0.9 1.0
- 3p2 3P2 2.49E-03 2.01E-03 6.37E-04 3.87E-02 1.12E-02 1.64E-03 15.5 5.6 2.6
- 3p2 1S0 3.21E-03 2.50E-03 6.39E-04 3.44E-03 1.25E-03 2.24E-04 1.1 0.5 0.4
3s3p 3Po1 - 3s3p 3Po2 2.50E-01 2.37E-01 1.77E-01 1.91E+00 8.96E-01 2.86E-01 7.6 3.8 1.6- 3s3p 1Po1 2.06E-02 1.76E-02 7.00E-03 7.67E-01 2.45E-01 3.68E-02 37.2 13.9 5.3- 3p2 3P0 1.05E+00 1.10E+00 1.39E+00 9.39E-01 9.66E-01 1.30E+00 0.9 0.9 0.9
- 3p2 1D2 3.43E-01 3.50E-01 4.22E-01 5.55E-01 4.29E-01 4.94E-01 1.6 1.2 1.2
- 3p2 3P1 7.72E-01 8.07E-01 1.02E+00 7.91E-01 7.47E-01 9.67E-01 1.0 0.9 0.9
- 3p2 3P2 8.61E-01 9.09E-01 1.20E+00 9.25E-01 8.72E-01 1.14E+00 1.1 1.0 1.0
- 3p2 1S0 1.92E-02 1.72E-02 1.34E-02 2.10E-02 1.35E-02 1.29E-02 1.1 0.8 1.0
3s3p 3Po2 - 3s3p 1Po1 3.85E-02 3.25E-02 1.19E-02 1.17E+00 3.82E-01 5.41E-02 30.4 11.8 4.5- 3p2 3P0 5.86E-03 4.76E-03 1.52E-03 6.26E-02 1.55E-02 2.41E-03 10.7 3.3 1.6
- 3p2 1D2 8.12E-01 8.48E-01 1.07E+00 1.04E+00 8.09E-01 9.71E-01 1.3 1.0 0.9
- 3p2 3P1 1.37E+00 1.43E+00 1.79E+00 1.34E+00 1.25E+00 1.64E+00 1.0 0.9 0.9
- 3p2 3P2 2.95E+00 3.10E+00 3.97E+00 2.98E+00 2.95E+00 3.90E+00 1.0 1.0 1.0
- 3p2 1S0 1.99E-02 1.64E-02 5.00E-03 2.96E-02 1.25E-02 2.72E-03 1.5 0.8 0.5
3s3p 1Po1 - 3p2 3P0 2.88E-02 2.69E-02 2.55E-02 8.55E-02 3.80E-02 3.15E-02 3.0 1.4 1.2- 3p2 1D2 1.69E+00 1.78E+00 2.09E+00 2.49E+00 1.78E+00 2.19E+00 1.5 1.0 1.0
- 3p2 3P1 2.79E-02 2.33E-02 9.86E-03 1.70E-01 6.07E-02 2.02E-02 6.1 2.6 2.0
- 3p2 3P2 4.37E-01 4.53E-01 5.68E-01 6.31E-01 5.13E-01 6.04E-01 1.4 1.1 1.1
- 3p2 1S0 1.26E+00 1.32E+00 1.68E+00 1.12E+00 1.14E+00 1.54E+00 0.9 0.9 0.9
3p2 3P0 - 3p2 1D2 4.38E-02 4.20E-02 3.22E-02 1.36E-01 8.94E-02 5.04E-02 3.1 2.1 1.6
- 3p2 3P1 3.44E-02 2.94E-02 1.16E-02 2.73E-01 1.22E-01 2.27E-02 7.9 4.1 2.0
- 3p2 3P2 3.88E-02 3.95E-02 3.69E-02 1.12E-01 7.03E-02 4.42E-02 2.9 1.8 1.2
- 3p2 1S0 8.63E-03 6.89E-03 1.64E-03 2.87E-02 1.08E-02 1.47E-03 3.3 1.6 0.9
3p2 1D2 - 3p2 3P1 8.00E-02 7.27E-02 4.43E-02 4.86E-01 2.49E-01 6.98E-02 6.1 3.4 1.6
- 3p2 3P2 2.26E-01 2.14E-01 1.61E-01 1.77E+00 8.07E-01 2.56E-01 7.8 3.8 1.6
- 3p2 1S0 1.44E-01 1.41E-01 1.22E-01 2.36E-01 1.71E-01 1.47E-01 1.6 1.2 1.2
3p2 3P1 - 3p2 3P2 1.51E-01 1.48E-01 1.22E-01 1.07E+00 4.57E-01 1.85E-01 7.1 3.1 1.5
- 3p2 1S0 2.69E-02 2.09E-02 5.25E-03 7.56E-02 2.70E-02 4.11E-03 2.8 1.3 0.8
3p2 3P2 - 3p2 1S0 8.20E-02 7.46E-02 5.05E-02 2.38E-01 1.10E-01 6.53E-02 2.9 1.5 1.3
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